INTRODUCTION
Peritonitis is inflammation of the serous membrane lining the abdominal cavity and the visceral organs within. Peritonitis may be localized or generalized and is classified into primary, secondary and tertiary. Primary spontaneous peritonitis is rare and monomicrobial due to pneumococci or haemophilus bacteria. Secondary peritonitis is due to spread of infection from intraabdominal organs or as a result of spillage from gastrointestinal or genitourinary tract. Others causes include exogenous contamination.
Tertiary peritonitis refers to recurrence or reactivation of peritonitis following adequate treatment of initial secondary peritonitis. Sir Cuthbert Wallace quotes "it is better to check than be waiting," do an early surgery rather than wait in a case of peritonitis of unknown cause.
Pathophysiology of peritonitis
The peritoneal cavity is the largest cavity in the body, with a surface area of about 1.0 to 1.7 m 2 of the total body surface area. Inflammation of parietal peritoneum which is richly supplied by somatic nerves causes severe and localised pain. The visceral peritoneum supplied by autonomic nerves, its irritation causes diffuse pain. After bacterial contamination the events that take place include:
• Removal of bacteria from the peritoneal cavity through the diaphragmatic stomata and lymphatics.
• Pro-inflammatory mediators by peritoneal macrophages promote the migration of leukocytes.
• Mast cells release histamine and other vasoactive products, causing local vasodilatation and extravasation.
• Bacterial opsonisation and promote phagocytosis.
• Sequestration of bacteria limiting spread of infection.
Aims and objectives of this study is to evaluate etiology of peritonitis in rural setting, to understand clinical presentation, investigations findings and intra operative findings in peritonitis and to study the co-morbid conditions.
Review of literature
The Hippocratic Facies of terminal stages of peritonitis is well described since Hippocrates (460BC). Peritonitis was first recognized as a disease entity in 1802 by the young French surgeon Bichat and then followed by Laennec. 1 Opium or cathartics were once used to treat peritonitis. 2 Mikulicz, an assistant of Billroth, in 1881 advocated early laparotomy for peritonitis. 3 At the beginning of the 20 th century Surgeons had a relatively clear idea about the host defense in the peritoneal cavity. 4 Veillon and Zuber (1893) showed multimicrobial infection in peritonitis. 5 In 1907 Pawlowsky described bacterial translocation of from the gut. 6 The first time the exact bacteriology of peritonitis was reported was in 1922 by Weinberg. 7 Murphy JB advocated early operation, with no sponging or irrigation, closure with drainage and rectal infusion (Murphy drip). 8 In 1926, Kirschner summarized the principles of peritonitis therapy, thereby reducing mortality rate of peritonitis secondary to perforated appendicitis from 83% to 21%, from 100% to 24% due to perforation, and from 100% to 50% due to small and large bowel perforation. 9 New scoring systems have been described peritonitis. 10, 11 Verma and others in PGI, Chandigarh, compared prognostic factors in peritonitis due to trauma. 12 Fungal pathogens were uncommon isolates in the setting of peritonitis. 13 In a study by Wani R, Parray F, et al on non-traumatic terminal ileal perforation in 79 cases, the causes for perforation were enteric fever (62%), nonspecific inflammation (26%), obstruction (6%), tuberculosis (4%) and radiation enteritis (1%). 14 Jhobta RS, Attri AK et al studied 504 consecutive cases in India, reported perforated duodenal ulcer (289 cases) and appendicitis (59 cases). 15 In a study in Pakistan on perforation peritonitis, overall mortality was 10.6%. 16 Chakma S et al studied 490 cases of perforation peritonitis found morbidity and mortality 52.24% and 10% respectively.
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METHODS
A clinical study of generalized peritonitis was conducted in the Department of Surgery at Adichunchanagiri Hospital and Research Centre, BG Nagara, located in a rural place in Dist. Mandya, Karnataka. After obtaining Hospital ethical committee clearance 50 cases of peritonitis were studied from July 2015 to November 2016 with a period of follow up from 12 months to 24 months on three monthly basis. Recurrence of symptoms, wound infection, incisional hernia, postoperative intestinal obstruction if any were noted.
Inclusion criteria
• All cases of peritonitis/perforation of hollow viscus • Patients above 10 years age • Both males and females.
Exclusion criteria
• Below 10years age • Immunodeficiency disease • Peritonitis treated conservatively.
Cases of peritonitis based on investigation or peroperative findings were selected.
Investigations included
Blood
Haemoglobin, coagulation profile, blood grouping and Rh typing, total and differential count, ESR, HIV/HBsAg, blood urea and serum creatinine and serum electrolytes. Serum CRP levels were estimated preoperatively and on day 3, day 5 and day 8 postoperatively. WIDAL test was done in suspected typhoid perforations.
Radiological examinations
Erect x ray of abdomen to detect free gas under the diaphragm and ultrasound of the abdomen and pelvis to detect free fluid and any other associated pathology.
After resuscitation and iv antibiotic, surgery was undertaken. The peritoneal fluid was sent for culture and antibiotic sensitivity. After dealing with the primary pathology, adequate peritoneal lavage was given using warm normal saline and Intra-abdominal drains were placed in all patients and abdomen was closed in single layer.
RESULTS
Perforation peritonitis constituted 26% of total emergency operations performed in our hospital. Age and sex incidence (Table 1 and 2). Male to female ratio was 8:1 in perforation peritonitis. Of the 50 patients, 38 patients were men and 12 patients were women (2.84:1). The mean age of presentation of perforation was between 41-50 years.
Etiology
Appendicular perforation was common in males with male to female ratio of 1.75:1. The peak incidence of perforation was between 41 to 50 years of age. The time delay in presentation was less than 24 hours in 13 patients with a morbidity of 4%, 24-36 hours in 6 patients with a morbidity of 6%, 36-48 hours in 26 patients with a morbidity of 80% and 48-72 hours in 5 patients with a morbidity of 100% (Table 4) . Comorbid conditions were Diabetes mellitus (24%), hypertension (12%) and COPD (8%). Clinical presentation (Table 6 and 7) . Pain abdomen, fever, vomiting and distension were the predominant symptoms. Pain abdomen was present in all, vomiting in (55%), fever in 52% and distension of abdomen in 48%. Clinical Signs on presentation (Table 7) . Tachycardia was seen in all (100%), Dehydration in 84%, tachypnoea in 34% and 16% presented with shock. Tenderness was present in all (100%), rebound tenderness in 84%, Obliteration of liver dullness in 44% and absent bowel sounds in 56%. Investigations -Pneumoperitoneum in relation to aetiology (Table 8 and Figure 4) Total count was elevated in all patients. Renal function tests were impaired in 15 patients and all of these 15 patients developed complications in the postoperative period. All patients had abdomino-pelvic ultrasound scans which was positive for free peritoneal fluid and other features suggestive of peritonitis.
Treatment
The nature of peritoneal exudate was scanty thin seropurulant in early cases and frank pus with fibrinoid adhesions in all patients who presented after 48 hours. After definitive surgery, adequate peritoneal lavage using warm normal saline was given, intra-abdominal drains placed in all and abdomen was closed in single layer.
WC: with complications; WOC: without complications Serum C reactive protein levels were estimated preoperatively and on postoperative day 3, day 5 and day 8. The serum CRP levels were significantly elevated in all patients at the time of admission. In patients who had an uncomplicated postoperative recovery, the serum CRP levels gradually decreased over a period of time. 
DISCUSSION
26% of emergency operations in our hospital in the department of general surgery were for peritonitis secondary to hollow viscus perforation. This finding is comparable with many other studies. Arveen et al in their study between 2006-08 at JIPMER, reported an incidence rate of 25%. 19 In a study conducted in Netherlands there was a marginal increase in incidence of peptic ulcer perforation.
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Etiological factors
A study of 204 consecutive cases of perforation peritonitis conducted by Khanna et al showed that 108 cases were due to typhoid. Others included duodenal ulcer 58), appendicitis (9), amoebiasis (8) and tuberculosis (4). 21 In a study of peritonitis by Thirumalagiri, Duodenum (52%) was the most common site of perforation followed by ileal perforation (26%) appendicular (14%) and colonic perforation (4%). 84% of the patients were male patients and 16% of the patients were females. Duodenal ulcer (52%) was the most common cause of performative peritonitis followed by small intestinal perforation. 22 Whereas trauma is an important etiological factor of perforation peritonitis in the developed countries. In present study of 50 cases, peritonitis due to appendicular perforation was found to be the highest constituting 44% of the cases ( The next common cause of perforation peritonitis in present study was peptic ulcer perforation (36%), out of which gastric ulcer perforation constituted 8% and duodenal ulcer perforation constituted 28%. (Table 3 ) Duodenal to gastric ulcer ratio was 4.5:1 in this study which is in comparison to other studies from India (Jhobta et al duodenal to gastric ulcer ratio of 7:1).
Other causes in present study were malignant perforation (10%) and perforation due to other causes (10%) which included ileal (4%) of unknown aetiology, jejunal diverticula with perforation (2%) and sigmoid volvulus with perforation (4%). (Table 3 ) Gastric carcinoma presenting with perforation peritonitis accounted for 6%. Colonic cancer-causing perforation was present in 4% of our patients Yadav et al in their study reported a rate of 2.6% due to malignant perforation.
NSAID abuse was present in 8 out of 18 cases of peptic ulcer perforation accounting for 44% cases. Bali et al reported that 15% of their cases had a positive history of NSAID abuse for more than 6 months. 25 Only 16% of the patients with peptic ulcer perforation had past history of chronic Peptic ulcer disease. Ugochukwu, A. et al in their study reported that 31.6% of their patients had a past history of chronic PUD. 26 The lack of prior diagnosis of PUD may be due to the negligence of warning symptoms.
Age incidence
In present study, the maximum incidence of perforation irrespective of the aetiology was found to be between the age of 41-50 years accounting for 22% of the cases. In a study conducted by Arveen et al, the mean age of the patients was reported to be 43.4 years.
Jhobta et al in their study reported a mean age of 36.8 years, while Ugochukwu et al reported a mean age of 39.5 years. In study conducted by Chakma et al on 490 cases of perforation peritonitis, they reported the mean age of the patients to be 48.28 years.
Peptic ulcer perforation was more common between the age group of 41 to 50 years, (Table 3 and Figure 3 ) which is in agreement with other studies. Kocer B et al reported an overall mean age of 43.41±18.66 years. 27 Tas et al in their study reported a mean age of 51.7±20 years. 28 
Sex incidence
The ratio of male to female cases irrespective of the aetiology of perforation was 2.84:1 Yadav et al n their study reported a male to female ratio of 4.9:1. In another study conducted in Pakistan the male to female ratio was 2.1:1. These findings are in comparison to present study.
Clinical presentation
Pain abdomen was the predominant symptom in present study. Pain abdomen was seen in all cases (100%). In a study conducted by Ugochukwu et al pain abdomen was the most common symptom present in 90.8% of their patients. In another study conducted by Sivaram et al pain abdomen was present in 100% of their patients. 29 Vomiting and fever were the next most common symptom present in 55% and 52% respectively in present study which is comparable to the findings by Jhobta et al and Sivaram et al (59% and 48.5% respectively) and fever was present in 25% and 33.7% of their cases respectively. Distension of abdomen was present in 48% of our patients compared to 44% and 73.9% in studies conducted by Jhobta et al and Yadav et al respectively.
Time of presentation
Ugochukwu. et al and Chakma. et al reported that the postoperative morbidity and mortality was high in patients presenting late. In present study, 52% patients presented between 36-48 hours after onset of symptoms, less than 24 hours in 26%, 24-36 hours in 12% and 48-72 hours in 10%. Patients presenting within 24 hours of perforation had an uneventful recovery whereas those presenting after 24 hours had significant postoperative complications, which is comparable to the study conducted by Unver M et al and Noguiera C et al. 30, 31 In present study the mean time lag between onset of symptoms and definitive treatment was 42.72 hours which explains the high morbidity rate of 56%. This finding is comparable to studies conducted by Jhobta et al and Chakma et al who reported a complication rate of 49.8% and 52.24% respectively. Chakma et al reported a mean duration of presentation of 57.4 hours.
The clinical appraisal of inflammatory markers (CRP and Procalcitonin) as prognostic markers has gained considerable interest. Reith and colleagues in their study reported that serum CRP and PCT levels were superior to TNF-α, IL-1 and IL-6 levels in predicting prognosis in 246 patients with abdominal sepsis. 32 The serum CRP levels were significantly elevated in our patients at the time of admission ( Figure 5 ). In patients who had an uncomplicated postoperative recovery, the serum CRP levels repeated on day 3, day 5 and day 8 gradually decreased ( Figure 6 , 7 and 8) but remained high in those with complications. High postoperative levels corresponded with high preoperative levels ( Figure 5, 6, 7 and 8). Shelton J et al reported that a CRP level of >150mg/L is associated with increased complication rate postoperatively. 33 Suh S et al reported that serum CRP levels are sensitive markers to differentiate a perforated from non-perforated appendicitis. They found mean CRP levels in patients with perforated appendicitis was 43.4 mg/L while in non-perforated appendicitis was 11.88 mg/L. 34 Kaya B et al reported that high CRP levels help to differentiate between phlegmonous appendicitis from perforated appendicitis.
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Management
Perforated appendicitis with peritonitis underwent appendicectomy and peritoneal toilet (44%). Patients with duodenal ulcer perforation were managed by simple closure of the perforation with omentopexy (28%) which was also stated by Khalil et al and Plummer JM et al. 36 In patients with gastric ulcer perforation, biopsy of the ulcer site was taken followed by simple closure and omentopexy (8%). All our patients had an adequate peritoneal followed by closure in single layer after placing drains. Anti H pylori therapy was administered to all peptic ulcer perforation patients for a period of 14 days in the postoperative period. In other two patients plugging of perforation with momentum and anterior gastrojejunostomy was done as the growth was found to be unresectable. One Colonic malignancy underwent radical right hemicolectomy with ileostomy and in other splenic flexure growth was found unresectable, so biopsy, closure of perforation, peritoneal toilet and ileostomy was done. Subsequently the patient underwent definitive surgery after neoadjuvant chemotherapy. One jejunal diverticula with perforation underwent resection and end to end anastomoses. Two other patients with ileal perforation of unknown aetiology underwent resection with end to end anastomoses and proximal enterostomy.
Seropurulent exudate was seen in 45 patients (90%) who presented within 48hours of perforation whereas frank pus with fibrinous adhesions was found in 5 patients (10%) who presented after 48 hours of perforation and they had higher morbidity (100%). Similar results were observed by Ugochukwu et al who reported a complication rate of 63.2% in those presenting late.
Spectrum of organisms
Peritoneal culture was Escherichia coli in 37 patients, Klebsiella species in 29, Proteus sp in 9, Enterococcus in 8 and Enterobacter sp in 5 patients. Boueil A et al in their study reported Escherichia coli (81%), Streptococcus milleri group (12%), and Pseudomonas aeruginosa (12%).
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Postoperative morbidity
The overall complication rate in our patients was 56%. Jhopta et al from India had a complication rate of 49.8% which is comparable to present study. Wound infection was the most common complication in this study in 43% (Table 9 and figure 8 ), which is comparable to another study having 39.5% postoperative complications. 38 Study by Chaiya et al reported a surgical site infection rate of 48%. 39 Respiratory infections in our 12 patients (24%) was comparable to a rate of 28% in the study conducted by Jhobta et al.
Intra-abdominal abscess was seen in 2 patients (4%), incisional hernia in 2 patients (4%), prolonged paralytic ileus in 2 patients and hypertensive crisis in one patient (2%). These were amongst the other complications in our patients.
The high incidence of postoperative complications in this study may be attributed to the late presentation of patients (>24 hours). This is comparable to a study conducted by Chakma et al who reported a complication rate of 52.24% and a mean duration of presentation of 54.7 hours. The sex of the patient did not have any influence on the complication rate in present study. Other factors for this high complication rate included age more than 50 years, shock at the time of presentation and presence of comorbid illness. 32% of our patients had Diabetes mellitus, hypertension and COPD (Table 5 ). This is in agreement with a study conducted by Sivaramet al, Noguiera et al and Montalvo et al. 40 16% of the patients in this study presented with shock. It was found that the presence of shock increased the need for postoperative mechanical ventilation and ionotropic support thus increasing morbidity and hospital stay. This finding has also been earlier reported by Tas et al in their study. Abnormal renal function tests at the time of admission was an additional risk factor for postoperative morbidity and longer hospital stay (Sivaram et al).
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CONCLUSION
The spectrum of generalised peritonitis secondary to hollow viscus perforation continues to vary from one part of the world to another. In the developing countries the proximal gastrointestinal tract is the most common site of perforation whereas in the developed countries perforation of distal gastrointestinal tract of traumatic etiology is most common.
In rural setting like ours Appendicitis causing peritonitis was commoner than ulcer perforation and is due to delay in presentation resulting in perforation peritonitis. This study also highlights the role of serum prognostic markers like CRP to assess the prognosis of the patients. The need for early recognition and prompt surgical intervention to reduce the morbidity and mortality cannot be overemphasized.
